01/09/06 HON 11:19 FAX 202 404 7380 



NRL CODE 1008.2 PATENTS 



Si 007 



PATENT APPLICATION 
Docket No.: NC 96,200 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES 

In the In the application of: Keller et al. 
Serial No.: 10/808,264 
Filed: 03/17/2004 

For: OLIGOMERIC HYDROXY ARYLETHER PHTHALONTTILES AND SYNTHESIS 

THEREOF 
Examiner: Truong, Due 
Art Group Unit: 1711 

January 9, 2006 

APPEAL BRIEF 



The present appeal is taken from the final rejection of claims 1, 2, 22, 23, 26, 27, 56, and 
58. The final rejection was mailed on 05/16/2005. A Notice of Appeal was filed on 09/07/2005. 
A copy of the claims on appeal, as amended in the 03/03/2005 Amendment in Response to Non- 
Final Rejection, is attached in the Appendix. 



REAL PARTY IN INTEREST 
The real party in interest is the United States Government, as represented by the 
Secretary of the Navy. 



RELATED APPEALS AND INTERFERENCES 
The present application and US Patent Application No. 10/808,266 are both divisional 
applications of the same parent application, US Patent 6,756,470. Both applications are under 
appeal. 



STATUS OF CLAIMS 
Claims 1, 2, 22, 23, 26, 27, 56, and 58 are rejected. Claims 3-7, 24, 25, and 57 have been 
allowed. (Claims 3, 5-7, 24, 25, and 57 were allowed in the Notice of Panel Decision from Pre- 
Appeal Brief Review of 1 1/29/2005. Claim 4 was allowed during the interview of 12/15/2005.) 
Claims 28-31 are objected to as dependent on a rejected base claim. 
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STATUS OF AMENDMENTS 
No amendments were filed after the final rejection. 



SUMMARY OF CLAIMED SUBJECT MATTER 
Independent claim 1 recites a polyaromatic ether comprising the formula -(O-Ar^- 
(0013, lines 2-3). Ar is an independently selected divalent aromatic radical (0013, line 4) with or 
without substituents containing one or more fused aromatic rings, one or more non-fused 
aromatic rings without intervening functional groups, or combinations thereof wherein the 
radical sites are on the same or different aromatic rings (0021, lines 2-5). The value n is an 
integer greater than or equal to 7 (0023, line 3). 

Independent claim 22 recites a process of preparing a polyaromatic ether comprising the 
formula -<0-Ar) n - (0013, lines 1-3). Ar is as defined above. The process comprises the step of 
reacting a dihydroxyaromatic with a dihaloaromatic (0013, lines 4-5). Neither the 
dihydroxyaromatic nor the dihaloaromatic is present in an excess amount (0013, lines 5-6). The 
reaction is performed in the presence of a copper compound (0013, lines 6-7) and a base (0036, 
lines 5-6; Any base may be used in a subsequent step; 0058: The same base is used in both 
steps). 

Independent claim 26 recites a process of preparing a polyaromatic ether comprising the 
formula T-(0-Ar) n -T (0015, lines 1-3). Ar is as defined above. T is a terminating group 
independently selected from the group consisting of -OH and -X (0015, lines 4-5). X is 
independently selected from the group consisting of Br and I (001 5, lines 5-6). The variable n is 
an integer greater than or equal to 1 (0015, line 6). The process comprises the step of reacting a 
dihydroxyaromatic with a dihaloaromatic (0015, line 7). The reaction is performed in the 
presence of a copper compound (0015, lines 7-8) and a base (0036, lines 5-6: Any base may be 
used in a subsequent step; 0058: The same base is used in both steps). Either the 
dihydroxyaromatic or the dihaloaromatic is present in an excess amount (0015, lines 8-9). 

There are no means plus function or step plus function limitations in any appealed claim. 

GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 
A. Claims 1 and 2 stand rejected under 35 U.S.C § 102(b) as allegedly anticipated by Keller 
et al. (US 4,259,471). 
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B. Claims 22, 23, 26, 27, 56, and 58 stand rejected under 35 U.S.C § 103(a) as allegedly 
unpatentable over Matzner et al. (US 4,968,758 or US 5,084,530). 

ARGUMENT 

A. Claims 1 and 2 recite subject matter that is not anticipated by Keller under 35 U.S.C. § 
102(b) as the reference is not enabling 

Claim 1 (claim 2 dependent thereon) 

Claim 1 recites a polyaromatic ether comprising the formula -(0-Ar) n - The variable n 
is at least 7. 

Keller discloses the structure C 6 (CN) 2 H 3 -(CH)) X -CM: 6 (CN)2H3, where x is 1 to 10, and 
states that it may be made by reacting an aromatic diol with 4-nitrophthalonitrile. The aromatic 
diol would be HO-(CH))x-OH. When x is 7, 8, 9, or 10, the disclosed structure is within the 
scope of the presently claimed structure. 

However, the reference is not enabling for all disclosed values of x, including 7, 8, 9, and 
10. "Where a process for making the compound is not developed until after the date of 
invention, the mere naming of a compound in a reference, without more, cannot constitute a 
description of the compound." MPEP 2121.02, citing In re Hoeksema, 158 U.S.P.Q 596, 399 
F.2d 269 (C.C.P.A 1968). The reference merely states that the aromatic diols are easily made by 
an Ullman ether synthesis, and cites to Williams, et al. and Hammann et al. (both attached) for 
further information (col. 3, line 68-col. 4, line 8). The examples in Keller only disclose the use 
of compounds having x = 1 and 2, and no syntheses of aromatic diols are disclosed. Williams 
and Hammann do not disclose any aromatic diols at all, only short chains of aryl groups without 
the hydroxide groups. The longest chain disclosed in Williams is a four-ring product where x = 
3 (p. 2504, right-hand col., line 18). The longest chain disclosed in Hammann would have x = 6 
(p. 353, compound VI, synthesis on p. 354). In Hammann, the reagents disclosed cannot be 
combined to produce a longer chain according the process disclosed. 

As an alternative basis for showing nonenablement of the reference, attached is the 
declaration of Teddy M. Keller stating his expert opinion that the Ulhnann ether synthesis cannot 
be used to make oligomeric or polymeric aryl ethers in high yield and high molecular weight. 

. 3 
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The Examiner stated that the declaration is not commensurate with the scope of the 
claims (Office Action of 05/16/2005, page 2, lines 18-19). In the interview of 12/15/2005, the 
Examiner stated that the declaration was not persuasive because it is based on process steps, 
whereas claims 1 and 2 are product claims. 

The relevant inquiry is not whether the statements of the declaration are commensurate 
with the scope of the claims, but it is whether the subject matter shown to be nonenabled is 
commensurate with the scope of the claims. The declaration states that "the Ullmann ether 
synthesis referred to in the Keller reference (US Patent No. 4,259,471) cannot be used to make 
oligomeric or polymeric aryl ethers in high yield and high molecular weight." (Paragraph 3.) 
Thus, the scope of the nonenabled subject matter covers all polymeric aryl ethers, which is 
another term for polyaromatic ethers. Claim 1 recites polyaromatic ethers. The nonenabled 
subject matter is commensurate with the scope of the claims. 

Claim 2 

Claim 2 is to the compound of claim 1 where all the Ar groups are m- or p-phenylene and 
is also asserted to not be enabled ;by the reference. In addition to the arguments regarding claim 
1, It should be noted that in Hammann, the longest chain having only phenylene groups has x = 3 
(p. 353, compound VII). All longer structures in Hammann contain a biphenyl group in one of 
the repeat units. 

B. Claims 22, 23, 26, 27, 56, and 58 recite subject matter that is not unpatentable under 35 
U.S.C. § 103(a) over Matzner 

Claims 22 (23 and 56 dependent thereon) and 26 (27 and 58 dependent thereon) 

Claim 22 (claim 56 dependent thereon) recites a method of making the polyaromatic 

ether recited in claim 1 comprising reacting a dihydroxyaromatic with a dihaloaromatic in the 

presence of a copper compound and a base. Neither the dihydroxyaromatic nor the 

dihaloaromatic is present in an excess amount. 

Claim 26 (claim 58 dependent thereon) recites a method similar to that of claim 22, 

except for using an excess of either the dihydroxyaromatic or the dihaloaromatic. This results in 

an oligomer terminating in OH or Br and/or I. 
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In order to make a prima facie case of obviousness, each claim limitation must be 
disclosed in the references (MPBP 2143.03). Among other deficiencies, none of the references 
discloses the limitation in claim 1 regarding the definition of Ar. 

Matzner discloses reacting certain dihydroxyaromatics and dihaloaromatics in the 
presence of a base ('758, col. 18,- lines 1-13) and a copper compound (col. 23, lines 53-55). 
However, in all cases, one of theireactants is a poly(aryl ether ketone) (col. 18, lines 1-3). This 
results in a product having a carbonyl group between aromatic groups. This is excluded from the 
scope of claims 22 and 26. The daims recite that "Ar is an independently selected divalent 
aromatic radical with or without substituents containing one or more fused aromatic rings, one or 
m ore non-fused aromatic rings without intervening functional group s, or combinations thereof." 
Within an Ar group there can be ho intervening non-aromatic group, such as a carbonyl. Further, 
only oxygen atoms are allowed between the Ar groups. Thus, there can be no carbonyl groups in 
the main chain of the recited compounds. The processes of Matzner produce only polymers 
containing carbonyl groups in the main chain. 

Matzner discloses no other process involving a base and a copper compound. Although 
the structure disclosed as col 4, line 56 can possibly be of the form recited in the present claims, 
no process of making this structure is disclosed, other than in situ reaction with the poly(aryl 
ether ketone) (col. 1 8, lines 4-8). \ As explained above, this reaction produces a compound 
outside the scope recited in the present claims. 

In the interview of 12/15/2005, the Examiner stated that the disclosure of diphenyl ether 
at col 15, line 53 and col. 16, line 56 of Matzner 0758) discloses at least part of the claims. 
However, the diphenyl ether is reacted with a diacyl halide (col. 16, lines 26-27), which again 
contains carbonyl groups. Further, this reaction uses a Friedel-Crafts catalyst (col. 16, lines 61- 
68) instead of a base and a copper compound. 

As all the claim limitations of claims 22, 26, 56, and 58 are not disclosed in the reference, 
a prima facie case of obviousness has not been made. 

Claims 23 and 27 

Claims 23 (dependent on claim 22) and 27 (dependent on claim 26) recite that the copper 
compound is Cul or CuBr. The above arguments are applicable to these claims. In addition, 
these copper compounds are not disclosed in the reference. 
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CONCLUSION 

For the reasons stated above, reversal of the rejections under 35 U.S.C. § 103 is earnestly 
solicited. 

In the event that a fee is required, please charge the fee to Deposit Account No. 50-0281, 
and in the event that there is a credit due, please credit Deposit Account No. 50-028 1 . 

Respectfully submitted, 

Joseph T. Grunkemeyer 
Reg. No. 46,746 
Phone No. 202-404-1556 
Office of the Associate Counsel 

(Patents), Code 1008.2 
Naval Research Laboratory 
4555 Overlook Ave, SW 
Washington, DC 20375-5325 
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APPENDDC-THE CLAIMS ON APPEAL 



A polyaromatic ether comprising the formula: 



n 

wherein Ar is an independently selected divalent aromatic radical with or without 
substituents containing one or more fused aromatic rings, one or more 
non-fiised aromatic rings without intervening functional groups, or 
combinations thereof wherein the radical sites are on the same or different 
aromatic rings; and 

wherein n is an integer greater than or equal to 7. 

2. The polyaromatic ether of claim 1, wherein each divalent aromatic radical is m- or p- 
phenylene. 

22. A process of preparing a polyaromatic ether comprising the formula: 

—HO — ArH— 

* *\ n . 

wherein Ar is an independently selected divalent aromatic radical with or without 
substituents containing one or more fused aromatic rings, one or more 
non-fused Aromatic rings without intervening functional groups, or 
combinations thereof wherein the radical sites are on the same or different 
aromatic rings; 

comprising the step of reacting a dihydroxyaromatic with a dihaloaromatic; 

wherein neither the dihydroxyaromatic nor the dihaloaromatic is present in an 
excess amojunt; and 

wherein the reactibn is performed in the presence of a copper compound and a 
base. 

23. The process of claim 22, ^herein the copper compound is selected from the group 

consisting of Cul ahd CuBr. 

j 7 

| 

i 
I 
i 
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26. A process of preparing an aromatic ether oligomer comprising the formula: 

T — Ar-HO— Ar4— 4 
\ 'n 

wherein Ar is an independently selected divalent aromatic radical with or without 
substituenfs containing one or more fused aromatic rings, one or more 
non-fused iarornatic rings without intervening functional groups, or 
combinations thereof wherein the radical sites are on the same or different 

aromatic rings; 

j 

wherein T is a terminating group independently selected from the group 

consistingjof -OH and -X; 
wherein X is independently selected from the group consisting of Br and I; 
wherein n is an integer greater than or equal to 1 ; 
comprising the step of reacting a dihydroxyaromatic with a dihaloaromatic; 

wherein the reaction is performed in the presence of a copper compound and a 
base; and ! 

wherein either th^ dihydroxyaromatic or the dihaloaromatic is present in an 
excess amount. 



27. 



56. 



The process of claim 26, jvherein the copper compound is selected from the group 

consisting of Cul $nd CuBr. 

i 
i 

i 

The process of claim 22 vfherein the base is selected from the group consisting of cesium 
carbonate and potassium Carbonate. 



58. The process of claim 26 wherein the base is selected from the group consisting of cesium 
carbonate and potassium carbonate. 



8 
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APPENDIX-EVIDENCE 

j 

Hammann et al., "Synthesis of Seven New Polyphenyl Ethers" J. Chem. and Eng. Data, 
15(2), 352 (1970), cited in Kellef reference. 

Williams et al., (Solvent-j\ssisted Ullmann Ether Synthesis. Reaction of Dihydric 
Phenols' V. Org. Chem., 32, 250 j (1967), cited in Keller reference. 

Declaration under 37 C.F[R. § 1.132 of Teddy M. Keller 
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Table I, N-Alkyl- and N-Arylsulfonylphthalimide* 



O 

>-!- 



Analysis, % 



Recryst. 


Yield, 




Solvent" 


% h 


MJ».,'C 


A 


62 


229.5-30 


B 


65 


181.5-62 


C 


62 


139-39.5 


C 


60 


114.6-15 


JD 


74 


202.5-03.5' 


E 


76 


239-40- 


E 


70 


247-48' 


E 


73 


218-19^ 



N 



Calcd. 

6.22 
5.85 
6.63 
6.24 



Found 

8.26 
6.86 
5.51 
5.27 



Calcd. 

14.24 
13.40 
12.66 
12.00 



Found 

14.27 
13.55 
12.69 
11.92 



Methyl 
Ethyl 
n-Propyl 
R-Butyl 
Phenyl 
p-Tolyl 

p-Broraophenyl 
j8-Naphthyl 



Reaction of Polonium Phthalimide with Sulfonyl Chlorides. 
AH of the compounds listed in Table I were prepared in 
the same manner. A stirred mixture of 0.0050 mole of 
potassium phthalimide and 0.0050 mole of the appropriate 
Bulfonyl chloride in 20 ml. of acetonitrile was heated under 
reflux for 1 hour. After cooling to ambient temperature, 
the mixture was poured into 100 ml. of cold water. The 
white solid, which separated immediately, was removed 
by filtration, washed with water, and dried. The crude 
products were purified by one or two ^crystallizations from 
the solvents indicated in Table I. 

Each JV-substituted phthalimide was found to be identical 
with an authentic sample, which was prepared by the reac- 
tion of the appropriate sulfonamide with phthaloyi chloride 
according to the method of Evans and Dehn (i), by mixture 
melting point determination and infrared spectra compari- 
son. 

In experiments that involved methane- and butane-1- 
suifonyl chlorides, email amounts of a solid— 32 and 20 
mg., respectively— precipitated from the aqueous nitrates 
on standing overnight This solid was identified by mixture 



melting point determination and infrared spectra compari- 
son as phthalimide. 
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Synthesis of Seven New Polyphenyl Ethers 

WJUIAM C HAMMANN and ROBERT M. SCHISlA 

Monsanto Co., St. Louis, Mo. 63166 

JOHN S. ADAMS, JR./ and STANLEY D. KOCH 1 

Monsanto Research Corp., Dayton Laboratory, Dayton, Ohio 45407 

Seven new polyphenyl ethers were synrhesfaed, using a modified Ulfmonn reaction. 
Per cent yields, physical properties, and elemental analyses are given. 



XT OLYPHENYL ethers show excellent thermal stability 
and are used as high-temperature functional fluids, finding 
application sb heat transfer agents. In addition, they have 
proved useful as the liquid phase in high-temperature chro- 

'Present address, Horizons Research, Inc., Cleveland, Ohio 44104 
332 Journal of Chemical and Engineering Data, Vol. 15, No. 2, 1970 



matographic work (3-5, 7). Seven new polyphenyl ethers 
containing a biphenyl central core were synthesized in these 
laboratories. The synthetic routes used were similar in each 
case and involved a modified Ullmann reaction. The mecha- 
nism and parameters of this reaction have been studied 
in detail by a number of workers (i, 2, 6\ 3). The reaction 
schemes leading to each compound are depicted below: 



PACE 16/26 ■ RCVD AT 1/9/2006 10:17:16 AM [Eastern Standard Time] * SVR:USPTO-EFXRF-6/26 » DNIS:2738300 * CSID:202 404 7380 * DURATION (mm-ss): 13-24 



01/09/06 MON 11:23 FAX 202 404 7380 



NRL CODE 1008.2 PATENTS 



3)017 




EXPERIMENTAL 

Th « Phenols used in the syntheses were obtained from 
Monsanto Co/s Central Research Department, and were 
used without further purification. Santowax-M, also 
obtained from Monsanto Co., was used as received In the 
preparation of 4' -bromo-m-terphenyl, intermediate for VII, 
4'-[m-(m -phenoxyphenoxy)phenoxy j-m-terphenyL Mon- 
santo Co. also supplied the key intermediate 3,3'-dichloro- 
biphenyl used in six of the seven syntheses. As received, 
it was 87% pure, and was further purified by careful frac- 
tionation through a 90-cm Vigreux column, followed by 
topping this distillate, to give 20O grams of 98.7% pure 
material, considered suitable for synthetic use. The major 
impurity was 3-chlorobiphenyL 

3,3*-Bii(m-ph«n«xyphMOxy)brph«ny| (I) and. Key Interme- 
diate 3-Chlofa.3Xm-phenDxyph«rwxy>blphenyi. A 500-rnl 
four-necked flask equipped with stirrer, thermometer, and 
Dean-Stark trap surmounted by a Friedrichs condenser 
was charged with 93.5 grama (0.505 mole) of m-phenoxy- 
phenol, and 30.8 grams (0.50 mole) of potassium hydroxide 
(assumed in all reactions to be 91% pure) was added in 
increments with stirring at 100° C. After the initial 
exothermic reaction had subsided, SO ml of toluene waa 
added, and water was azeotroped from the reaction mixture 
until the theoretical amount had been collected, including 
that from the potassium hydroxide. 

The toluene was distilled from the reaction mixture until 
the pot temperature reached 230° C. After cooling to 160° C, 
100 mi of difflyrne was added, together with 7 grams of 



VII 



cuprous chloride and 2 grams of copper powder. The reac- 
tion mixture was then heated with stirring to 170° C. and 
129.3 grams (0.57 mole) of 3,3'-dichlorobiphenyl waa added 
over a 1-hour period. Diglyme was distilled from the reac- 
tion mature until the pot temperature reached 235* C„ 
when reaction was continued for 18 hours. On cooling 
the reaction mixture was diluted with an equal volume 
of ether and filtered to remove copper and potassium salts. 
Ihe ethereal solution was washed three times with 150- 
ml portions of 20Tr potassium hydroxide, followed by water 
washing until neutral. The water and potassium hydroxide 
layers were extracted with additional ether. The ether solu- 
tions were combined and dried over anhydrous magnesium 
sulfate. After filtration and removal of ether on the rotary 
evaporator, the dark red-brown oil was distilled to yield 
47.2 grams of starting 3,3'^icHorobiphenyl, bp 112-14° C / 
nno 5 ™ m L 6,2 S^ros of intermediate fractions, bp 127- 
202-C/0.03 mm; 71.4 grams (389J> of 3-chloro-3'-(m. 
phenoxyphenoxy)biphenyl, bp 220-2* C./ 0.04 mm; 20 4 
grams of intermediate cuts, bp 223-302* C./0.06 mm; and 
1*9-0%%*°* 3 - 3 '^' n ^ he °oxyphenoxy)bipheny! (I), bp 
312 C./0.05 mm. A pot residue of 8.9 grams remained 
Final purification of I was effected by dissolving it in ethyl 
ether and treating it with L0 gram of activated charcoaL 
foUowed by nitration through filter aid, removal of ethyl 
ether on the rotary evaporator, and prolonged treatment 
in a vacuum oven at 100-10" C./0.1 mm. 

3 j m-PUrwxyphe. ■vo*y>-3'.(p^honoxyph*n©xy) biphanyK W) . 
l^hlspreparatmn is typical of the syntheses leading to the 
other three polypheny! ethers using the same key chloro- 

Jourmil of Chemlcoi and Engineering Data. Vol. 1 5, No. 2, 1 970 353 
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Table I. Yields, Physical Properties, and Elemental Analyses of Polypheny! Ethers 



Compound 
I 

II 

in 

IV 

v 

VI 
VII 



% Yield 
13- 

56* 

Bi- 
er 

75' 

25>; 15* 



BP,' C/Mm. 
312/0.05 

248-63/0.06 

255-60/0.02 

302-07/0.06 

340/0.05 

337/0.07 



MP, -C. 
86-88 



«8 

1.6620 
1.6474 
1.6460 
1.6600 
1.6510 
1.656(9) 



1.184 
1.197 
1.201 
1.219 
1.231 
1.185 



Analyaia 



fCalcd. 
I Found 



82.7 
82.4 
83.7 
83.2 
82.7 
83.0 
82.7 
82.5 
82.0 
8LB 
81.5 
81.6 
86.2 
85.4 



H 

5.0 
5.2 
5.2 
5.2 
5.0 
5.3 
5.0 
6.1 
4.9 
5.0 
4.9 
5.0 
5.2 
5.2 



[f^C Ud fcom Wrfght * dM]Gd mAteriilL * Baaed 0tt total product recovered 'Based on purified product -Could not be determined 



phenoxybiphenyl, but varying the phenol. Work-up in every 
one of the four cases was virtually identical, the products 
differing only in boiling point and the other intrinsic physical 
properties given in Table I. Yields for the four compounds 
varied from 56-75%, also shown in Table I. 

A 260-ml reaction flask equipped with stirrer, dropping 
funnel, thermometer, and Dean-Stark trap surmounted by 
a Friedrichs condenser was charged with 200 grams (1.07 
mole) of p-phenoxyphenol, and 34.9 grams (0.567 mole) 
of potassium hydroxide was added in increments at 90° C. 
To the resulting melt was added 50 ml of toluene. The 
theoretical amount of water was azeotroped from the reac- 
tion mixture, followed by removal of toluene up to 230° C. 
On cooling to 160* C, the reaction mixture was diluted 
with 150 ml of diglyme, and 5.0 grams of cuprous chloride 
and 1.0 gram of copper powder were added. Over a 
45-minute period, 20 grams (0.084 mole) of 2-chloro-3'- 
(w-phenoxyphenoxy)biphenyl in diglyrae was added, and 
the diglyme was removed by distillation. The stirred reac- 
tion mixture was heated at 235° C. for 19 hours. On cooling, 
an equal volume of ether was added and this mixture 
was centrifuged to remove salts. The ethereal solution was 
washed with 25% potassium hydroxide solution to remove 
excess phenol, and with water until neutral It was then 
dried over anhydrous magnesium sulfate. 

After filtration and concentration to remove ether, the 
oil obtained was distilled. One unweighted cut, bp 110- 
297-C./0.06 mm, was taken, followed by 17.6 grams of 
product, bp 297-302* C./0.05 mm. Final purification of this 
material was the same as that described above for I. 

3,3'^ls[m(m-pheno>cyph«noxy)ph«noxyJblphenyi (VI). A 
250-ml four-necked flask, equipped with stirrer, dropping 
funnel, thermometer, and Dean-Stark trap surmounted by 
a Friedrichs condenser, was charged with 69.8 grams (0,215 
mole) of ro-fat-phenoxyphenoxyjphenoi, to which 13.0 grama 
(0.208 mole) of potassium hydroxide was added at 90° C, 
followed by addition of 50 mi of toluene. The stirred reaction 
mixture was heated to azeotrope water, followed by distilla- 
tion of toluene until the temperature of the reaction mixture 
reached 230- C. After cooling, 60 ml of diglyme, 2.5 grams 
of cuprous chloride, 0.5 gram of copper powder, and 20 
grams (0.09 mole) of 3,3'-dichlorobiphenyl were added to 
this mixture over a 30-minute period at 175" C. Diglyme 
was distilled from the reaction mixture, which was then 
heated at 230-80*C. for 18 hours. The cooled, very thick, 
semisolid mass resulting was dissolved in 500 ml of ethyl 
ether, and the suspended salts were removed by centrifuga- 
tion. The resulting ethereal solution was washed thoroughly 
with 10% potassium hydroxide solution and with water 
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until neutral, and was finally dried over anhydrous mag- 
nesium sulfate. After concentrating this solution, it was 
distilled using a 100-ml distilling flask connected to a 25 -cm 
heated Vigreux column with direct take-off head attached 
to a fraction cutter. A fraction amounting to 7.0 grams 
bp 138-293° C./0.06 mm, was obtained initially. The distil- 
lant, after cooling, was transferred to a 26-ml ''mini-ware'' 
still pot attached to a Claisen head and 'hnini-ware" fraction 
cutter. Distillation using a Wood's metal bath on the still 
pot gave 10 grams of viscous red-orange liquid, bp 348- 
52°C./0.09 mm, at a pot temperature of 428° C. Elemental 
analysis showed this cut to be about 80% desired product 
and 20% of presumably 3^hloro-3'-[m-(m-phenoxyphe- 
noxy)phenoxyJbiphenyL Since 450° C. would be an upper 
limit for many of the ethers with regard to accelerated 
thermal decomposition, it was decided not to attempt to 
distill the remainder of the pot residue, amounting to 11 
grams. Instead, this black glass (at room temperature) 
was dissolved in 300 ml of ethyl ether, treated with 1 
gram of activated charcoal, and filtered through filter aid 
to give an orange fluorescent solution which, on concentra- 
tion, gave a dark red-orange viscous liquid. The treatment 
was repeated, using 126 ml of ethyl ether and 0.6 gram 
of charcoal. After the ether was removed on the rotary 
evaporator, the orange liquid was placed in a vacuum oven 
for 15 hours at HCC/Cl mm and finally 1 hour at 125 fl C./ 
0.1 mm to give 9.8 grams of light orange product. Although 
not determined, we estimate by extrapolation from the 
boiling points of the closely related five-, six-, and seven- 
ring ethers prepared that this eight-ring ether would have 
bp -380-90° C./0.05 mm. 

4'.[,n^in-rniene)ryphenojry)phenoxy]^.r«rpher^l (VII). Syn- 
thesis of 4'-bromo-m-terphenyl was carried out by the pro- 
cedure of Schmidt et a/. (6) . Product was purified by prepar- 
ative vapor phase chromatography, using an F&M Model 
776 chromatographic unit, incorporating a 6.5-ft x 4-inch 
column packed with 20% UC W98 on Chromosorb W. Injec- 
tion port and dectector temperatures were 340° C, with 
column temperature at 240* C. The resulting product was 
calculated to be 99+% pure by vpc 

A 500- m] flask equipped with dropping funnel, stirrer, 
thermometer, and a Dean-Stark trap surmounted by a 
Friedrichs condenser was charged with 100 grams (0.36 
mole) of m(m-phenoxyphenoxy)phenol and 9.6 grams of 
potassium hydroxide. The reaction mixture was heated with 
stirring until the potassium hydroxide had completely dis- 
solved. Then 250 ml of toluene was added to azeotrope 
the theoretical amount of water. Toluene was distilled from 
the system until the temperature reached 200* C. After 
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the temperature of the. reaction mixture had returned to 
150° C, 100 ml of diglyme was added, together with 2.5 
grams of cuprous chloride and 0.5 gram of copper powder. 

The temperature was gradually Increased to 160" C. and 
20.6 grams (0-067 mole) of 4'-bronuw7i-terphenyl 1 dissolved 
in 40 ml of digiyme, was added dropwise. The reaction 
was allowed to continue for 10 hours at 185" C. It was 
then diluted with ethyl ether and filtered. The ether layer 
was washed with 2 X 100 ml of 25% aqueous potassium 
hydroxide, followed by water washing until neutral. The 
aqueous washes were extracted with 2 x 100 ml of ethyl 
ether. The ether layers were combined, washed with distilled 
water until neutral, dried over magnesium sulfate, and 
filtered. A brown viscous liquid was obtained upon removal 
of the ether. This material was distilled to obtain 10 grams 
of forecut, bp BO-337 0 C./0.07 mm, and 23.5 grams of 4'-[m- 
(m-phenoxyphenoxy)phenoxy}.TO-terphenyl, bp 337°C./0.07 
mm., as a yellow viscous liquid. 

Final purification was effected as described above for the 
other ethers prepared. 
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3,3 -Biscoumarins 



UOYO L WOODS and SAMIR M. SHAMMA 
Texas Southern University, Houston, Tex. 77004 

five 3,3'-bJscoumarfns, none of which hov* 
by a modification of the Parkin reaction. 

A MIXTURE consisting of 0.1 mole of anhydrous 
powdered potassium succinate and 0.2 mole of the aldehyde 
was thoroughly mixed with 40 ml of acetic anhydride in 
a flask and then heated in a Hi-Temp oil bath, already 
at equilibrium between 166° and 160- C. for 30 to 45 minutes. 
The mixtures were diluted with 300 ml. of water, cooled, 
and filtered and the precipitates dried in air. The compounds 



been reported prevrouily, were synthesized 



were powdered and dried 3 days in a vacuum desiccator 
over Drierite. 

A sample of each compound was purified by extraction 
with heptane, then ethyl acetate, and finally with boiling 
ethanol. The samples thus purified gave the analyses and 
infrared data shown in Table I. 

One gram of compound 1 after having been treated as 



TaWe I. Biscoumarins 



Aldehyde Used 



MJ>., 


Yields, 






Calculated 




Found 


•a 

328 
>880 


% 

97 
98 


Formula 
CuH a CUO« 


C 

74.47 
60.19 


H 

3.47 
2.24 


Other 
19.74(CI) 


C 

74.55 
69.39 


H 

3.69 
2.36 


Other 
19.75(C1) 


346-348 


99 


GpH„0. 


6&66 


4.02 




88.36 


4.06 




>360 


97 


C*H„0 4 


7959 


3.81 




80.26 


3.62 




>360 


100 


CuH*Br,0 4 


48.25 


1.79 


35.66(Br) 


48.63 


2.01 


36.77(Br) 



1. Salicylaldehyde 

2. 5-Ch]orc- 

salicyialdehyde 

3. 3*Methaxy 

salicylaldehyde 
2-Hydroacy-l- 
naphthaldehyde 
5. 5-Bromo* 

salicylaldehyde 

1. 3,3'-Biscoinrjarin- 1703 - 

2. 6,9'-DicWaro-3,3'-bi*coujnarin- 1707 

3. 6\6'-Danethc«y-3 T 3'-biaeouiriarn> 1707 

4. 2,2'-BJs(aH-naphtho[2,l-A]pyran^ l 3''djone- 1710 

5. G.S'-Dibromo-a.S'-bisccnimarin- 171B 

•Carboayl absorption of infrared spectrum in cm."' KBr pellet taken on Beckman IR-8. 
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Solvent- Ab&jbtbd Ullmann Etheb Synthesis 



(■f )-a-phenyIethyl£unmonium O-benzyi-(fl) (^-man- 
delate, 13136-59-9; O-beiucy ( - )-mandeiamide, 
1313S-0O-2. 
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Solvent-Assisted Ullmann Ether Synthesis. Reactions of Dihydric Phenols 

A. L. Williams, R. E. Kinney, and R. F. Bridge* 
MM Oil Corporation, Central Rtvnrch Division Laboratory, Princeton, N<* J*n*y 085 & 
Renewed February U, 1987 



Although polyphenyl ethers are resistant to thermal, 
oxidative, and radiation damage, 1 their useful tempera- 
ture range as fluids is restricted by the high melting 
points of the pure isomers. This problem ia alleviated 
by employing mixtures of isomers, but liquid mixtures 
result only when a high proportion of the ether linkages 
are in the meta positions of the benzene rings.* 

Low molecular weight polyphenyl ethers are usually 
prepared by the Ullmann ether synthesis. 1 Copper 
metal is the preferred catalyst and the phenate melt 
is exposed to air to convert the copper to an active form. 
When meto-iinked ethers are sought, the synthesis of 
m-diphenoxy benzene illustrates the main problems 
encountered. The first choice is whether the middle 
ring shall be derived from m-dabromobensene or from 
resorcinol. Pure m-dibromobenaene is not readily 
available and attempts to employ resorcinol directly 
in the Ullmann ether synthesis have been reported to 
yield only tars>» Failure to obtain polyphenyl ethers 
was ascribed to instability of the alkali metal salts 
of dihydric phenols at the temperature required for 
reaction. 

Results and Discussion 

With dry nitrogen to provide an inert atmosphere, 
cuprous chloride as catalyst and pyridine as solvent, 
the dis odium salt of resorcinol was converted to tr- 
diphenoxybenzene in one step (eq 1). The yield of 

■o**'V - 

^-^°~0~°~^-^ + 2NsBr 

recrystailized product was 70% (based on resorcinol). 
Details are given in experimental method A. The 

(1) C. U Maboaay. E. B. Buoum, W. W. Karfia, K. J. 8u, ud W 8. 
Saari, J. Cham. Jh* Data. I, 173 (1060). 

<2) C. L. Mmhoney wdB.R, Barnura. "Synthatia Lubricant*. " R. C. 
S B ^ a? ?^.* ,,d H-rt ' Fubllahin« Corp.. New Ya*. 

(3) F. Ullmann and P. Bponegil, ^ n „ MO, S3 ClflOfl. 

W K. i. Sea. W. 8. Seeri, C L. Meh«*y. and J. M. Oordon, J. Org, 

l£l £ m out).' *" ** A/tn8Ut - " d *- B^kJngtca. J. 0W B n9 . 
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product is accompanied by a small yield of m-phenoxy- 
phenol, which is an intermediate, as the sodium salt. 
The formation of m-phenoxyphenol and its further 
conversion were observed by gas chromatography 
during the course of the reaction. Oxygen must be 
rigorously excluded as it causes formation of tars at 
the expense of product. Phenolic salts, free of water 
and alcohol, are conveniently prepared from sodium 
methoxide. This react ant was used as described in 
method A for the preparation of all diaalts except for 
those few cases where another method is specifically 
mentioned. An excess of base completely inhibits 
the reaction by destroying the copper catalyst. Re- 
actions were therefore carried out by using only 95% 
of the theoretical quantity of base to make the di- 
salt. 

Solvent-Catalyst Interactions.— Successful solvents 
for the ether condensation must not only dissolve the 
reactants, but bring the copper catalyst into solution as 
well. Various cupric salts (chloride, bromide, sulfate, 
acetylacetonate) were catalytic when dissolved in 
solvents which brought them into solution with the 
formation of coordination complexes (Table I). Copper 

Tabus I 

Solvents in the Preparation or m-DiFmnroxTBamxiw 

Yield from diaodium reaonlaat* 
■ -m S hr, 

Solvent for motion at 125* 

Pyridine (117°) 
Pyridine + 2% water <U2 # ) 
2,4,6-ColHdine 
Pyridine N-oaride 
Di-n- Duty lam ino 
l^ethyl-2-pyiroIidinone 
Bimetfaylfonnamfde 
Hex&methyiphoaphoramide 
Methy) sulfoxide 
"-Propyl sulfone 
Bia(2-methoxvethy]) ether 



MUHM 


phenol 


74 


16 


4 


22 


17 


25 


18 


40 


32 


19 


11 


46 


4 


34 


5 


47 


14 


42 


42 


33 


21 


26 



metal and cuprous oxide did not dissolve and did not 
promote the reaction. If copper acts as catalyst by 
forming a complex with the aryl bromide, it would ap- 
pear that full coordination with solvent would be un- 
desirable. Taking pyridine with cuprous chloride as 
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R grocp 

C,H>0 

CHrf) 

CH^CO 

CH| 

CI 

NO, 



WiLUAMS, KlNNBY, AND BsiDGBB 
Tab hi II 

p-SUBffrXTUTCD BlPHKHOJCTBXNZBinSB FROM RsSOBClNOl 



Vol. 32 



1638-12-6 
13U*0l-7 
13118*92-8 
13131-51-6 
13118*93-9 
13118-84-0 

2479-46-1 



* AD melting points an corrected, 
tive hydrogenation of the p-nitro 



H>M Yfcid, 

W % Mp* «C 

8 6S 84.7-85.1* 

W 56 83.4-83.8 

6 60 95.8-96.3 

10 61 c 

10 34 <f 

* 63 111.6-112.0 

63 114.6-115.1 

fc ^mp8W»*. -Bp 101-103 (0.6mm). 
using PtOt in ethanol. 



Oalod 

80.69 
74.52 
78.29 
82.73 
65.27 
61.27 
74.24 



-Carbon, 




Cklcd Found 
4.97 
5.63 
5.24 
6.25 
3.66 
3.44 
5.52 



'Bp 172-178 (0.3 mm). • Prepared by quantfta- 



an example, there should be some dissociation to par- 
tially coordinated copper. The incompletely coordi- 
nated copper might then catalyse the reaction by acting 
as a Lewie acid. To test for the necessity of some dis- 
sociation of the copper-solvent complex, a reaction was 
carried out in a mixed solvent consisting of 91% pyri- 
dine and 9% 2,2'-bipyridine (eq 2). Except for the 



CuCl 



Cud 



(2) 



addition of the 2,2'-bipyridine, reaction conditions 
were as described in method A for the ether condensa- 
tion in pyridine. The greater complexing by the di- 
amine lowered the yield of wniiphenoxybenzene from 
70 to 31% in 0 hr. It thus appears that there is an 
optimum degree of complexing and that the solvent 
should be regarded as a cocatalyst. 

Disodium resoroinate has a low solubility in most 
organic solvents. Even for the successful solvents 
shown in Table I, only a small fraction of the disodium 
resorcinate reactant is in solution at any instant. The 
reaction requires dissolved phenoxide anions and the 
best solvents have high dielectric constants. How- 
ever, the order of effectiveness for solvents cannot be 
predicted from dielectric constants because of the re- 
actions which occur between solvent and catalyst or 
reactant. 

Acidic solvents destroy phenoxide ions. Water also 
mterferes seriously with the ether condensation. Even 
2% water in pyridine retards the desired reaction 
greatly. Although water can hydrolyae phenolic salts, 
hydrolysis would not be able to deplete the resoroinate 
ion concentration seriously in the presence of a large 
excess of pyridine. However, hydroxyl ion would be 
formed in this hydrolysis and by reaction between water 
and pyridine (eq 3) . Excess base, added as sodium hy- 

HiO + C»H,N C*H»NH* + OH- (3) 

droxide or meth oxide, completely inhibits the ether 
condensation by deactivating the catalyst. Retarda- 
tion by water appears to come about in the same way. 

It is evident that solvents may fail to promote the 
ether condensation for various reasons, sometimes in 
combination. For example, n-decane dissolved neither 
disodium resoroinate nor cuprous chloride and the reac- 



tion failed. On the other hand, 1-butanol and 1- 
hexanol dissolved both disodium resordnate and cu- 
prie chloride, but they allowed no formation of m- 
diphenoxybensene and only a 3% yield of ro-phenoxy- 
phenol. Removal of resorcinate dianion can occur by 
aJcoholyais, along with deactivation of the catalyst by 
alkoxide ion thus formed. 

Other solvents were tested which probably repre- 
sent classes of compounds unsuitable as catalytic sol- 
vents for the ether condensation. These include ethyl- 
ene glycol, methyl n-decanoate, acetylacetone, hepta- 
none-4, diphenyl ether, and bromobenzene. Neither 
m-diphenoxybensene nor m-phenoxyphenol was ob- 
tained when these solvents were employed. 

Substituted Ihphenoxybenzenes. — Various substi- 
tuted m-diphenoxybenzenes were prepared from resorci- 
nol. These products were syntheaixed by using the 
appropriately substituted bromobenzenes in method A. 
The reactions were followed by gas chromatography 
and terminated when product yields ceased to increase. 
Yields shown in Table II are based on isolated pure 
products. 

The chJoro group is less reactive then the bromo 
group in the ether synthesis.* Here, only chloro sub- 
stituents were found on the fn-diphenoxybenzene when 
p-chlorobromobenzene was condensed with resorcinol. 
Acidic substituents cannot be present since they react 
with the sodium salt of the phenol to destroy phen- 
oxide ions. Both p-bromoaniline and p-bromo-N,N- 
dimethylanaine failed to react in 6 hr. These amines 
remained in the worked up reaction mixture. The 
substituted anilines may have deactivated the catalyst. 
However, m-bis(p-arninophenoxy)berizene was readily 
prepared in quantitative yield from the corresponding 
mtro compound by catalytic hydrogenation. 

Influence of Substituents,— The rate of ether forma- 
twndepends upon the aryl bromide concentration and, 
at tow copper levels, upon the catalyst concentration. 
Under our experimental conditions, the disodium 
resoroinate concentration is Axed by the low solubility 
of this salt in pyridine. The concentration of disodium 
resorcinate was then taken as constant during the 
period of rate measurements. Reactions were carried 
out as in method A, following the reaction rates by 
examination of aliquots by gas chromatography. At 
1.5 g of cuprous chloride/100 ml of pyridine, the cata- 
lyst concentration is threefold above the level at which 
the rate ia influenced by catalyst concentration. 
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Phonolla rwUai 

Hydroquinone 
Catechol 

4,4'-IaopropyiidenedipheDoI 
2,7-Dihydroxynaphthalene 
Phloroglucinol 



C*kd 



85.23 
84.59 



Found 



84.97 
83.88 



Hydrogen, % — . 
C*lcd Wound 



6.36 
5.18 



6.27 
5. 18 



Tablh III 

Aromatic Ethxbs by Concswbation qv Disodtom Salts or Phenols with Bbouqbunsbnb 

Yield." 

Method % M p > «C 

B 0.3* 75.1-78.1* 

B 3» 90.3-91.3/ 

A 46 58.9-60.3 

A 48" 103.7-104.7 

A 0.5* 109.7-110.1' 

• ABvi^arej^ ont^phcnolwr^e^t. » AU melting pomts are corrected. • Gaa chromatography showed thia to be a.*™ 
parued by a 3% yield of p-phenoxyphenoL - lit. mp 74-75°. C. Heeuaaennaan and A. MtUler. BcZ 34, 107 1090? Yto »mn 
£S±32?T^ ' * PU«M* <>-P^xypbenol was abo iaolated. ^ U^W^J^^^^VoX 

E^^li^ ^droxyoapbthaW * The trSSium aaU^thbS& 

Rate of ether formation then becomes dependent 
upon only the aryl bromide concentration and the 
following equation applies. 

* c 

Concentration of aryl bromide (c) was chosen where 
the yield of substituted m-diphenoxybenzene was 10%, 
based on the aryl bromide. Thus log cj/c is made 
constant and measurement of the corresponding reac- 
tion time (0 allows calculation of log k/k* for a 
Hammett a constant plot (Figure 1). Rate enhance- 
ment by electron-withdrawing substituenta is evi- 
dent, the value of p being +1.4. These results indi- 
cate nucleophitic attack by resorcinate dianion. 

Aryl iodides would be expected to give faster reaction 
rates than the corresponding bromides. However, 
when iodobenzene was used in place of bromobenzene 
under the conditions of method A, only an 11% yield of 
m-diphenoxy benzene resulted, accompanied by a 7% 
yield of m-phenoxyphenol. Iodide ion is an effective 
agent for converting cupric copper to cuprous iodide, 
which is a poor catalyst. Under the conditions of 
method A, cuprous iodide replacing cuprous chloride on 
a mole basis allowed only a 1.5% yield of m-diphenoxy- 
benxene and a 4.1% yield of m-phenoxyphenol. 

Catalysis by Copper Salts.— Salts of cuprous and 
cupric copper, as introduced into the reaction mixture, 
are about equally effective in catalysing the condensa- 
tion of aryl bromides with salts of dihydric phenols. 
For example, the substitution of cupric chloride for 
an equimolar amount of cuprous chloride in the prepara- 
tion of m-diphenoxybenzene by method A still gave a 
60% yield of that compound. The nonspecificity 
indicates that the active catalyst may be formed by 
either oxidation or reduotion. For monohydric phe- 
nols, Weingarten 1 concluded that cuprous copper re- 
sults from the reduction by phenoxide anion, which is 
thus oxidised to a semiquinone radical. Reduction of 
copper would proceed readily with resorcinate dianion 
and the dianions from catechol or hydroquinone would 
oxidize even more rapidly (eq 4). Oxidation by cupric 




(4) 



ion can account for the low yields obtained from 
catechol, hydroquinone, 2,6-dihydroxynaphthalene, 1,6- 
dihydroxynaphthalene, and phloroglucinol (Table III). 
These reactions also gave larger yields of tars than the 
less readily oxidized resorcinol, 2,7-dihydroxynaphtha- 

C7> H. H'cinfftrtea, Org. CAtw., XI, 3624 (t*M>. 



Figure 1.— Hammett plot for substituted bromobenxenes. 

lene, and 4,4'-isopropylidenediphenol. Analyses of re- 
action mixtures by gas chromatography showed that 
the dihydric phenols were the source of the tars. Po- 
lymerisations involving radical ions appear likely. 

Under our reaction conditions, aryl bromides are 
in part debrominated to the corresponding hydrocarbon 
by cuprous chloride, the copper thus bring oxidised 
to the cupric level. In the case of p-bromophenyi phenyl 
ether (where the debrominated product was isolated 
from the reaction mixture), the conditions of method 
A gave a yield of diphenyl ether which was 20% of 
theoretical based on cuprous chloride (eq 6) . 

Cu+ + p-BrCHiOCUH* + RH — *- 

Cu»+ + Br- + CAOC,H l + R . (5) 

Bacon and Hill 8 demonstrated a similar debromina- 
tion of 1-bromonaphthalene by cuprous acetate in 
pyridine. It thus appeared that under our reaction 
conditions cupric copper could not be ruled out as 
catalyst on the basis of its absence from the system. 
If copper could be held at the cupric level by the 
addition of an oxidising agent to the system, the effects 
of cupric copper could be measured directly, but this is 
not feasible since the phenols are themselves easily oxi- 
dised. Maintaining copper at the cuprous level by 
means of a reducing agent appeared more attractive, 

(B) JLO.IL Bmoo Acd H. A. O. HID. J. CUm. Sot., JUS (J&M). 
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Figure 2.— Test for effect of copper powder on cuprous bromide 
catalyst. 

but any reducing agent which may convert copper 
ions to copper metal or an inactive salt or complex is 
unsuitable. 

By observing the green cupric bromide-pyridine com- 
plex change to the yellow cuprous complex, we found 
in a preliminary test that a suspension of precipitated 
copper powder (1.5 g) reduced the copper of cupric 
bromide (0.55 g) in 100 ml of refluxing pyridine m less 
than 1 min. We also found that precipitated copper 
powder does not itself catalyze the ether condensation. 
To avoid the complications of a heterogeneous reaction 
system, tests were made upon the sodium salt of m- 
phenoxyphenol which was completely dissolved in 
pyridine. Precautions described in method A were 
observed. The reaction employed 2.08 g (0.01 mole) of 
the sodium salt of m-phenoxyphenol in 100 ml of pyri- 
dine, 10 g (0.0836 mole) of bromobensene, and 0.35 g 
of cuprous bromide catalyst. After the reaction had 
progressed for 1 hr, there was added 1.5 g of copper 
powder, freshly precipitated by sine dust and washed 
with acetone. When this had been present for 1.6 hr, 
the copper was filtered out under nitrogen through a 
fine fritted-glass disk and the reaction was continued 
for 1 additional hr. The formation of m-diphenoxy- 
benzene was followed by withdrawing aljquots at 0.5- 
hr intervals for analysis by gas chromatography. The 
presence of the suspended copper powder did not change 
the reaction rate relative to the initial rate (Figure 2). 
There was also close agreement with a control run 
having no added copper metal. If the reaction mix- 
ture had to oxidise the cuprous copper to the cupric 
level to obtain the active form of the catalyst, the reac- 
tion should be much slowed down when copper powder 
reduces cupric copper back to the cuprous level. 
Absence of a decrease in reaction rate by the reduc- 
tion of cupric to cuprous eopper is evidence for cataly- 
sis by cuprous copper. 

Nonlinear Polyphenyl Ethers.— The numerous poly- 
phenyl ethers known are based upon linear chains of 
phenoY groups except for 1,3,5-triphenoxybenzene, 
winch has been prepared from l^^-tribromobensene. p 

(0) F. Ullmann tad 8po»*««J, B*r u Si, 9312 (1*0*). 



Our reaction of bromobensene with phloroglucino! 
under conditions adequate for resorcinol, gave only a 
trace of 1,3,5-triphenoxybeusene, but the isomeric 
1,2,4-trjpbenoxybensene and other nonlinear poly- 
phenyl ethers can be prepared indirectly from m- 
aipnenoxybenzene. 

When m-diphenoxybensene is brominated under 
mild conditions, 2,4-diphenoxybromobenzene can be 
obtained in quantitative yield by method D. To prove 
the structure of the product, the bromo compound was 
converted to a four-ring ether by reaction with sodium 
phenoxide in pyridine by method E. This product 
melted at 59.9-60.4°. The linear four-ring ethers 
having a ^^substituted benzene ring (number 2) 
have melting points of 40° when ring number 3 is 
meta substituted, 48° when para substituted, and 74° 
when ortho substituted by ring number 4.* Thus, the 

Cr 0 -Cr°-O~O 

12 3 4 

fouling ether product must be a triphenoxybensene 
and the bromine atom must have gone onto the middle 
ring of w-4iphenoxybenzene. Of the three isomers 
which can be written, 3,5-diphenoxybromobensienemust 
be excluded since the corresponding 1,3,5-triphenoxy- 
benzene has a melting point of 1 10 V 

Selection between the two remaining bromides was 
made on the basis of the nuclear magnetic resonance 
spectrum. 2,6-Diphenoxybromobenaene has no hy- 
drogen atoms to be shifted downfield by an o-bromine 
atom, whereas 2,4-diphenoxybromobenzene has such 
a hydrogen atom. The downfield shift of this hydro- 
gen atom was observed and all three hydrogen atoms 
on the middle ring were accounted for. Further 
the spectrum of thiB product could not have been gen- 
erated by the symmetrical isomers, 2,6-diphenoxy- 
bromobensene and 3,5-diphenoxybromobenasene. 

Experimental Section 

Melting points are all corrected. A Fisher Scientific Co. 
melting point block, calibrated by eight standards in the range of 

^ r ^^ ) ' VnSUBed ' Samples were held betweenTver 
aape while the temperature was raised 1 deg/min. Boiling 
points are not corrected. ^ 
fn foS*^^' , w-Wpheaoxyben»eae.--A suspension of 10.6 g 
Si^Jfw^ ?' J 0 *"* roethwride In 200 ml of benzene was 

?!Sn Th **** k **» fitted with a stirrer, a dropping funnel, 
and a condenser arranged for distillation. All reactions in the 
flask were earned out under nitrogen. Then 11 .0 g (0.100 mole) 
of resorcmol was added. Benzene and methsnol were dUUlted 
fJ°J^L e Powder of the resorcinol salt. When the ealt 
nan cooled, the condenser was arranged for reflux. Then 200 ml 
of pyno^ne was added. The stirred mixture was brought to 
reflux and 42 mi (0 40 mole) of bromobenzene was added rapid* 
Ir£^« ^^PP 1 ; 1 * fun **l. This was followed at once by the 
tSSSSS'l'l ^^V 3 cWoride - The reaction mixture w« 
brought back to reflux and held at reflux for 9 hr under a blanket 
oi nitrogen. The reaction mixture was then poured into 600 ml 
? hydrochloric acid was added until acidified. The 
SJSfS^ L* 8 ^^" 1 , into four X^* 1 Portions of n-pentane 
^i^^ n ^*5? lution fi,tcred - *~P«>tane was removed by 
a^UUstian. DistiJIatMm at O.l mm removed bromobensene from 
tae regfue. The crude product crystallised on cooling, lie- 
^^J^° n from *> % 8*ve 18.4 g (70%) of pi-di- 

pWxybensene, mp 50.9-B0.4* (lit.- mp ^.5^0.0">! Mixture 

^I^^"^r a f 1 ; (mp6 °^ fl0 - 6 ° ) f~m distillation Prod- 
ucts Induatnes did not depress the melting point. 
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m^vjM. tor C,,Hm0,: °' S2A2; H ' 5,a8 ' Pound: °- 

Method B . o-Phenoxynhenol. — Sodium hydride, 4.57 g CQ.19 
mole) was added a* a n-pentane dUpereion to 100 ml of methyl 
sulfoxide. The addition was carried oat in a 500-ml flask under 
a nitrogen stream. The mixture was heated to 60° until the 

i^ byd , r °^ en, ? eMdd; then " 0«(0.100mole)of catechol 
was added in solution in 100 ml of methyl sulfoxide. During aU 
operations, the reaction mixture was protected by a stream of 
nitrogen. The temperature was brought up to 160° and *- 
pentane distilled out. The condenser was arranged for reflux 

(0.40 mole) was ad ded in a etream through a dropping funnel. 

l lie reaction mixture was brought back to 150° and held at this 
temperature with stirring under a nitrogen blanket for 19 hr. 
It was then poured into .500 ml of water containing 10 ml of 
aEEr£2J aci i u The °*flnic layer was extracted by two 
200-ml portions of bensene. To the combined beosene extracts 

fi^^ ad T2 2l 0f /- p r tflna - Thetarthu B preci P itatedTa1 
altered off. The pentane layer was extracted with three lOO-ml 
portions of 5% aqueous sodium hydroxide solution. Acidifica- 
tion by hydrochloric acid yielded o-phenoxyphenol, which was 
extracted into a-pentane. Evaporation of the pentane gave 8 03 
f «r» ^fl?^^*' ? eci y»t*"«»tion (rem 96% ethanol yielded 
lOo-lOO") «<ph«ttoxyphenol, mp 104.7-104.9 a (lit," mp 

Method C m-PheaoxyphenoU— The reaction flask was 
blanketed with nitrogen and 7S0 ml of dry pyridine was intro- 
duced. Resorcinol, 49,5 g (4.5 moles), was dissolved in the 
pyndJoe with stirring. Then 162 g (3,0 moles) of sodium methox- 
m was added. Ttw mixture was stirred and methanol was 
fractionaUy distilled from the mixture over a period of 0.5 hr 
Bromobenzene, 1420 g (0 00 moles), was run into the reaction 
flask. Thia was followed by 22 g of cuprous chloride. The mix- 
ture was refluxed, with stirring under nitrogen for 3 hr. Pyridine 
was then distilled off while the pot temperature rose to 150° 
lne residue was poured into a solution of 500 ml of concentrated 
hydrochloric acid in 1100 ml of water and stirred. The organic 
layer was dissolved in 1 1 . of benaene. This benzene solution was 
washed with 100 ml of hydrochloric acid in 100 ml of water. The 
benzene solution was then extracted by 100 g of sodium hydroxide 
in 1 1 of water. This was foUowed by a second extraction by 
20 g of eodmm hydroxide in 200 ml of water. The combined 
alkali extracts were acidified by concentrated hydrochloric acid, 
iterated m-phenoxyphenol was extracted into 300 ml of benzene, 
^eniene was removed by distillation at atmospheric pressure. 
Distillation was continued at 0.8 mm to yield 350 g (42%) of 
m-phenoxyphenol distilling at 168-165° (lit. 4 bp 148-145* (2 
mm)J . Gas chromatography indicated 99+% purity. 
n^H^lw forCWW),: C' 77 - 4 * H, 5.41. Pound: C, 
Method D 2 r 4-Diphenoxy bxomo b enrene . — A solution of 190 
8 lu'VSi i ®) l £ TO -^Pk«Boxybenaene was prepared by stirring 
witn 400 ml of benzene at room temperature in a 2-1. flask fitted 
with a reflux condenser and dropping funnel . Stirring was con- 
tinued and a solution of 116 g (0.725 mole) of bromine in 400 
mi of benzene was dropped in slowly over a period of 3 hr The 
mature was then allowed to stand overnight (17 hr). Bennene 
and hydrogen bromide were distilled from the mixture. The 
last of the benzene was removed in a stream of nitrogen until 
the flask came to constant weight ; the yield of 2,4*diphenoxybro- 
n^benxene was 247 g (100%); gas chmmato^phy IndlLted 
0 9% purity; the boiling point was ld7-169" (0\4 mm). 
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(O.300 mole) of wi-phenoxyphenol in 200 ml of pyridine atlv£~f 
temperature under nitrogen Stirring waa^on^ed wh^e^ 
g (0.288 mole) of sodium methoxidTwaa added. Then 136 ^1 
of methanol-pyridine mixture was disUlled out through the 
column over a l-hr period. After cooling, the ^ was re! 
placed by a reflux condenser. Then 67.9 g (0.189 mole) d 
2,4^pb^noxybmmobenxeno was added. This was followed bv 
2 g of cuprous chloride, washed in by 25 ml of pyridine. The 

S^ W ?^ U i edwithatirrin « f0r4hr - F^dine was the£ 
dialled out until the pot temperature reached 160«. Thcreactto 
mixture was poured into- a solution of 50 ml of hydrochloric acid 
in 500 ml of water and allowed to stand overnight. After decani 
^g off the aqueous layer, the crude product was dissolved in 430 
ml of benzene. This benzene solution was washed by 20 ml of 

«hlo^ ^ F^iX *>? ml rf ***** Md **** by 10 ml of hydro- 
chloric add in 100 ml of water. Unreacted m-phenoxyphenol 
was extracted into 12 g of sodium hydroxide in 150 mU?w^ 

«^T^ 1 S, 1 ?. 0mlofwftter - ******* ™ removed by distilla- 
tion Delation was continued at 0.5 mm to give a product 
ITJ 1 ? ^go 262-268- ; the yield of HmXSxy! 
phenoxy) : 2,«iphenoxybenzenc was 35.8 g (40%); ga7chroma- 
tography indicated 99+% purity. g" enroma- 

Solof 'H^OT.^ ° 4? ' 80,891 H ' 5 06 * FoUnd: C ' 
1,2,4-Triahenoxybenxene was obtained in 42% yield from 2 4- 
diphenoxybromobensene reaction with sodium phenoxide by 
method E,mp 59.9-80.4°. K oy 

81^; C " H "° |: C ' 8lJ2S '* H » *M< C, 

^ B i S(2, ^i p 5. en . o ^ eM ^ boinZ01le ™ obtained in 12% 
yield from 2,4-mphenoxybromobenzene reaction with disodhim 
resorcinate by method E, mp 109-111*. 

79^f *H^61 df0rC<tHwOB: Cj79 - fi0; H ' 4 ra - Found: C, 
ftte f la ^— Solents were dried for at least 48 hr over Linda 
S^ a m fc 4A ' P "^ c ™»wasdehyara^ 
Elation "Other mat^ials were used as received from the sup- 
phers. Resorcinol, hydroqumone, catechol, pbioroglucmol, 
bromobenzene, lodobenzene, p-bromotoluene £broZaS 
4 -bromoacetophenone, l-bromo^-chlorobenzeie, Sodium «Sh! 
oxide, methyl sulfoxide, 2,2'-bipyridine, and cuprous oxide were 

atte?^?lr^S^^ 

tJSI ^ 1 : bromo i- nit «>benaene were from DisWUtton Prod- 
ucts Industries; pyridine, cuprous chloride, and eupric bromide 
were from J T, Baker Chemical Co.; cuprous bromio^^ad 
cuprous iodide were from Fisher Scientific Co.; cupriTtSoride 
w^mm Baker ^ Aaamso n ; sodium hydride was from K4K 

Registry Wo.— m-Diphenoxybenxene, o- 
phenojryphenol, 2417-10-9; m-phenoxyphenol, 713-63-8: 
^^-diphenoxybromoberizene, 13118-87-1; l-(m-phe- 
noxyphenoxy)-2^diphenoxybeiupene,13118-S8-2- 12- 
4-tnphenoxyberizene, 13118-89-3; m-bis(2,4Mdiphenox^- 
phenoxyjbenaene, 13118-90-6. 
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PATENT APPLICATION 
Docket No.: NC 96,200 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In the application of: Keller et al. 
Serial No.: 10/808,264 
Filed: 03/17/2004 

For: OLIGOMERIC HYDROXY ARYLETHER PHTHALONITILES AND SYNTHESIS 

THEREOF 
Examiner: Truong, Due 
Art Group Unit: 1711 

Honorable Commissioner of Patents 
PO Box 1450 

Alexandria, VA 22313-1450 

DECLARATION UNDER 37 C.F.R. § 1.132 OF TEDDY M. KELLER 

Sir: 

I, Teddy M. Keller, hereby declare that: 

1. I am a coventor of the invention claimed in the above-identified patent application. 

2. My experience is in the field of polymer synthesis, and I believe that I am qualified to testify 
as an expert in this area. My CV is attached. 

3. The Ullmann ether synthesis referred to in the Keller reference (US Patent No. 4,259,471) 
cannot be used to make oligomeric or polymeric aryl ethers in high yield and high molecular 
weight. The Ullmann ether synthesis has been used to form multiple aromatic ether containing 
compounds. The harsh reaction conditions (125-220°C in neat phenol or solvents such as 
pyridine, colliding or DMF), the usual requirement for stoichometric (or greater) quantities of 
the copper complex, and the fact that unactivated aryl halides usually react in low yields have 
limited the utility of this reaction for oligomeric and/or polymeric syntheses. For example, the 
reaction of disodium resorcinate with m-dibromobenzene in the presence of cuprous chloride 
afforded 1,3-diphenoxybenzene in a 74% yield for the reaction in pyridine, whereas 20% yields 
were obtained in dipolar aprotic solvents such as DMF, DMSO, DMA, and HMPT. An excess of 
base used to form the diphenolate completely inhibits the reaction by destroying the copper 
catalyst. The water formed as a by-product during the Ullmann reaction is not removed from the 
reaction system. Attempts to form polyphenyl ethers using disodium resorcinate and m- 
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SerialNo, 10/808,264 PATENT APPLICATION 

Docket No.: NC 96,200 

dibromobenzene afforded tars. Failure to obtain polyphenyl ethers was ascribed to instability of 
the alkali metal salts of dihydric phenols at the temperature required for the reaction. 
4. I further declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true, and further that these 
statements are made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application or any 
patent issuing thereon. 



Date Teddy Mueller 
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